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(57) ABSTRACT

The system and method of an adjustable thoracic lumbar

sacral orthosis back brace. The brace has a bowtie portion
and a three point adjustment system. The bowtie 1s resistant
to twisting due to internal reinforcement. The brace prevents
trunk rotation and “hiking up” of the brace during adjust-
ment by a wearer. The bowtie portion resists twisting of a
thoracic panel via a channel formed by fixation to a thoracic
stabilizer.
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THORACIC LUMBAR SACRAL ORTHOSIS
BACK BRACE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Patent Application 62/810,598, filed Feb. 26, 2019, entitled

“THORACIC LUMBAR SACRAL ORTHOSIS BACK
BRACE,” the content of which 1s incorporated by reference
herein 1n 1ts entirety.

FIELD OF THE DISCLOSURE

The present disclosure relates to orthotic braces and more
particularly to a thoracic lumbar sacral full back orthoses.

BACKGROUND OF THE DISCLOSURE

There are many forms of orthoses, or devices used exter-
nally to modity the structure and/or function of the skeletal
and/or neuromuscular systems of the body. For example,
there are orthoses that are applied to the neck, to the spine,
to the upper limbs, and to the lower limbs. Additionally,
there are many diflerent purposes for using orthoses ranging,
from rehabilitative to prophylactic. Rehabilitative braces are
typically used to limit the movement of a portion of the body
following an injury or a surgery.

Orthoses can be used for many purposes. Orthoses can
restrict movement in one or more directions, immobilize an
area of the body, assist movement of a particular joint or
region of the body, reduce the forces applied to an area of the
body, aid rehabilitation by preventing reinjury, correct the
motion of a portion of the body to reduce pain or improve
function.

Conventional back braces contain a lumbar portion that 1s
secured around a user’s waist. Conventional full back braces
include a rigid panel that 1s coincident with a wearer’s spine.
The top of the rigid panel 1s connected to a pair of shoulder
straps that connects back to the lumbar portion. These braces
typically “ride up” when the shoulder straps are adjusted to
fit the particular wearer.

Conventional full back braces also tend to allow excess
trunk rotation for the wearer, which can set recovery back or
even remjure the wearer. In addition to “riding up” and
permitting excess trunk rotation, conventional full back
braces tend to twist out of alignment when a wearer 1s
donning the brace. It 1s understood that for an injured person
the act of adjusting and donning the brace should be a simple
as possible and not require another user to help align the
brace properly for the particular application.

In U.S. Pat. No. 6,063,047 a minimal brace comprising a
single back panel and single anterior panel 1s shown. This
brace does not oflfer a universal fit (must purchase sized) and
has minimal adjustment for vertical sizing (per size only 2
vertical slots). The brace furthermore cannot be reconfig-
ured. The strap configuration of the brace extends down
from the wearer’s shoulders and loops 1nto the middle of the
back panel and out to the anterior panel. At the point of
connection near the middle of the back panel the brace loops
directly into slots in the panel.

In U.S. Pat. No. 8,308,670, tightening straps are directly
connected to the back-panel frame and continue to connect
directly to the distal portion of the same back panel frame.
This configuration, when downward pressure i1s applied,
creates a “hike up” phenomenon by the user. Tightening of
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the straps, 1n turn, then forces the brace upwards and allows
the lumbar compression system to slide up out of alignment
to the lower spine.

Wherefore 1t 1s an object of the present disclosure to

overcome the above-mentioned shortcomings and draw-
backs associated with conventional full back braces.

SUMMARY OF THE DISCLOSURE

One aspect of the present disclosure 1s a system compris-
ing a thoracic lumbar sacral orthosis back brace, comprising:
a lumbar portion, comprising: a central portion; and a pair of
belts, adjustably connected to the central portion; a thoracic
portion, comprising: a central thoracic portion; a thoracic
panel; and a pair of shoulder straps being connected at a first
end of the thoracic panel; a bowtie portion of fixed length
being fixedly attached to a central thoracic stabilizer to form
a channel for slidably engaging with a second end of the
thoracic panel; and a pair of adjustment straps forming a
three point adjustment system such that a first pair of
adjustment points 1s located at free ends of the pair of
shoulder straps, a second pair of attachment point 1s located
at each of a pair of fixed loops attached to respective end
regions of the bowtie portion, and the third pair of attach-
ment points comprise a pair of connection points each
located on one of the adjustable belts.

These aspects of the disclosure are not meant to be
exclusive and other features, aspects, and advantages of the
present disclosure will be readily apparent to those of
ordinary skill in the art when read 1n conjunction with the
tollowing description, appended claims, and accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features, and advantages
of the disclosure will be apparent from the following
description of particular embodiments of the disclosure, as
illustrated 1n the accompanying drawings in which like
reference characters refer to the same parts throughout the
different views. The drawings are not necessarily to scale,
emphasis instead being placed upon illustrating the prin-
ciples of the disclosure.

FIG. 1A shows the interior face of one embodiment of the
back brace of the present disclosure.

FIG. 1B shows the exterior face of one embodiment of the
back brace of the present disclosure.

FIG. 2A shows a view of a portion of the exterior face of
one embodiment of the back brace of the present disclosure
to show how the brace 1s constructed.

FIG. 2B shows another view of a portion of the exterior
face of one embodiment of the back brace of the present
disclosure with the adjustable thoracic panel being removed
to show how the brace 1s constructed.

FIG. 2C shows another view of a portion of the exterior
face of one embodiment of the back brace of the present
disclosure with the adjustable thoracic panel being further
removed to show how the brace 1s constructed.

FIG. 2D shows a view of a portion of one embodiment of
the back brace of the present disclosure with an outer layer
removed to show how the brace 1s constructed.

FIG. 3A shows a view of a portion of the interior face of
one embodiment of the back brace of the present disclosure
to show the plurality of layers.

FIG. 3B shows a view of a portion of the exterior face of
one embodiment of the back brace of the present disclosure
to show the plurality of layers.
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FIG. 4A shows one embodiment of a stay for one embodi-
ment of a bowtie portion of a back brace of the present

disclosure.

FIG. 4B shows one embodiment of a bowtie portion of a
back brace of the present disclosure.

FIG. 5 shows one embodiment of the three point adjust-
ment system of the present disclosure.

DETAILED DESCRIPTION OF TH.
DISCLOSURE

(L]

Certain lumbar and sacral orthoses are used to partially or
fully immobilize the trunk (or torso) of a wearer for a
number of purposes including protection after surgery or
mjury as well as prophylactically to prevent mnjury or
reinjury during activities that typically cause back injuries.
Orthoses are also used to protect a wide variety of structures,
not just the vertebrae, including intervertebral discs, nerves,
the spinal cord, ligaments, muscles, and the like. When worn
during the acute stage, post-surgical or post-injury, a brace
1s typically worn whenever the patient 1s upright and/or
ambulatory (e.g., when out of bed) to protect and stabilize
the surgical/injury site. When worn prophylactically, a brace
1s typically only worn during specific activities to prevent
deterioration of the trunk musculature. Braces can vary 1in
height, which can determine the amount of immobilization
provided. In certain embodiments, this variation 1 height
will control sagittal plane motion or flexion and extension of
the spine. In certain embodiments, a shorter brace limits
motion in the lumbar and upper sacral region, while a taller
brace limits motion 1n the lower thoracic, lumbar, and upper
sacral vertebrae. In certain embodiments, extensions can be
added to control coronal plane motion or side-bending.

Another use of orthoses, as described herein, 1s 1n spinal
unloading. This application 1s based on the premise that
increasing intra-abdominal pressure results 1n decreased
compressive forces. This 1s achieved using anterior and
posterior panels along with a rigid belt to deliver a com-
pressive force to the abdominal cavity. When the belt 1s
tightened, compressive forces are applied to the trunk of the
patient.

There are numerous indications for spinal bracing as
described herein, including, but not limited to, acute and
chronic strains or sprains in the torso area, postural correc-
tion, spinal unloading, degenerative disc disease, post-sur-
gical fusion, laminectomy or discectomy, congemital or
traumatic instability, hermiated disc(s), spinal stenosis, frac-
tures, spondylolisthesis, spondylolysis, spondylosis, and
facet syndrome.

It 1s understood, that in an eflort to maximize the benefits
of an orthopedic brace 1t must be properly fitted and adjusted
to the patient. Adjustment variables include fitting patients
of various sizes and body proportions, and accommodating
a variety of possible surgical or injury sites. The adjustment
of the brace will also be continual as the patient heals and
can tolerate larger ranges of motion, as swelling 1s reduced,
and the like.

Referring to FIG. 1A, a view of the interior face of one
embodiment of the back brace of the present disclosure 1s
shown. More specifically, one embodiment of a lumbar
portion 2 comprises a pair of removable belts 4 that connect
with a central panel 6. The central lumbar panel has a fixed
width. The use of a pair of adjustable belts 4 connected to the
central panel 6 provides for a range of sizes possible from a
single brace. In some embodiments, the central lumbar panel
6 has additional removable lumbar pads 8 depending on the
particular application.
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Still referring to FIG. 1A, a central thoracic portion 10
extends up from the central lumbar panel 6. A bowtie portion
12 having a fixed length 1s woven through the central
thoracic portion 10 and 1s oriented parallel to the lumbar
portion 2. The bowtie portion has a first end and a second
end extending beyond the central thoracic portion such that
the bowtie portion has a length that 1s the same as the width
of the central panel 6. A pair of shoulder straps 14 1s fixed
to a height adjustable thoracic panel 16, which inserts into
the central thoracic portion 10. Each of the shoulder straps
14 has a quick release buckle 18 that attaches to one of a pair
of adjustment straps 20. In some embodiments, the full back
brace has a sternum strap 22 for reversibly joining the two
shoulder straps 14 at the front torso of the wearer via buckles
23a, 23b or other appropriate fasteners.

Referring to FIG. 1B, a view of the exterior face of one
embodiment of the back brace of the present disclosure 1s
shown. More specifically, one embodiment of the lumbar
portion 2 comprises a pair of finger loops 24 for use in
donning and adjusting the lumbar portion and a pair of pull
tabs 26 that connect with the central panel to provide fine
adjustment of the lumbar portion once the lumbar portion 1s
donned by the wearer.

Still referring to FIG. 1B, the thoracic panel 16 extends up
from and out of the central thoracic portion 10. The bowtie
portion 1s woven through a pair of holes 28 in the central
thoracic portion and the bowtie portion is oriented parallel to
the length of the lumbar portlon defined by the pair of belts.
A pair of shoulder straps 14 1s flexibly fixed to the height
adjustable thoracic panel 16. Each of the shoulder straps 14
attaches to an adjustment strap 20 at a first connection point
30. In certain embodiments, the first connection point pro-
vides for adjusting the length of the adjustment strap as well
as a quick release buckle for ease of removing the brace. A
second connection point 32 1s located on the bowtie portion
and 1s used for routing the adjustment strap. A third con-
nection point 34 1s located on the lumbar portion and 1s at the
other end of the adjustment strap. The third connection point
also provides for adjusting the length of the adjustment strap
to properly fit the brace to a wearer. Each of the connection
points (30, 32, and 34) on either side of the brace are in
contact with the same adjustment strap 20 providing for
three points of contact for the brace. In some embodiments,
the tull back brace also has a sternum strap 22 for reversibly
joming the two shoulder straps at the front torso of the
wearer.

Referring to FIG. 2A, a view of a portion of the exterior
face of one embodiment of the back brace of the present
disclosure to show how the brace 1s constructed i1s shown.
More specifically, an exterior layer 44 has been cut away to
reveal the internal structural relationship between the bowtie
38 and the height adjustable thoracic panel 16. Inside the
height adjustable thoracic panel 16 1s a stabilizer 40 that 1s
separate from a pair of arm strap stabilizers 42, the stabi-
lizers are visible though the mesh like fabric 1n this embodi-
ment. In certain embodiments, the stabilizer for the thoracic
panel comprises high density polyethylene (HDPE) sheet or
laminated HDPE. In some cases, the stabilizer for the
thoracic panel 1s present as series of layers including HDPE
sheet to foam. In some cases the arm strap stabilizers are
made of a different material than the stabilizer for the
thoracic panel. In some cases, the arm strap stabilizers
comprise layers of quilted fabric and cross-linked foam
inserts for cushioning.

Still referning to FIG. 2A, the exterior layer 44 may
comprise nylon. In some cases, the exterior layer 1s also
present on the outer facing surface of the bowtie portion
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when the brace 1s donned by a wearer. At the base of the
height adjustable thoracic panel, 1s a connector 48. In some
cases 1t 1s a strap. In certain embodiments, the connector
turther comprises hook and loop. A pair of loops 32 are fixed
to the bowtie portion, such that they are a fixed distance
apart from each other and each equidistant from a centerline
of the height adjustable thoracic panel that 1s coincident with
a longitudinal axis of the height adjustable thoracic panel.

Referring to FIG. 2B, another view of a portion of the
exterior face of one embodiment of the back brace of the
present disclosure with the adjustable thoracic panel being
removed to show how the brace 1s constructed 1s shown.
More specifically, the height adjustable thoracic panel 16 1s
shown with the connector 48 detached from the lumbar
portion of the brace so that the lumbar portion can be
separated from the height adjustable thoracic panel. In this
view, 1t 1s possible to see that the bowtie portion 1s fixedly
attached 50 to a central thoracic stabilizer 52 to provide a
“channel” for accepting the height adjustable thoracic panel
16. This channel provides for extra stability and also muiti-
gates any twisting of the height adjustable thoracic panel 16
when 1nstalled. In some embodiments, the bowtie portion 1s
sewn to the central thoracic stabilizer 52. In some cases, the
central thoracic stabilizer comprises LDPE plastic, or the
like. In this view, an area of the upper back panel 54 1s also
shown. This will be described 1n more detail 1n at least FIG.
2D.

Referring to FIG. 2C, another view of a portion of the
exterior face of one embodiment of the back brace of the
present disclosure with the height adjustable thoracic panel
being further removed 1s shown. More specifically, the
height adjustable thoracic panel 16 (with the connecter not
visible) has been separated from the central lumbar panel 6.
The bowtie 38 1s shown fixedly connected to the central
thoracic stabilizer 52 which 1s covered by an exterior layer
44 through which the bowtie 38 1s woven and having a
pocket 56 for accepting the central thoracic stabilizer 52.

Referring to FIG. 2D, a view of a portion of one embodi-
ment of the back brace of the present disclosure with the
outer layer removed to show how the brace 1s constructed 1s
shown. More specifically, the upper portion of the back
panel 60 1s shown. In this embodiment 1s approximately
triangular shape and its base 1s broader adjacent the central
back panel area. The connector 48 1s shown unattached to
the harness cord 58 of the lumbar portion. When connected,
the connector 48 1s looped around the harness cord 58 to
hold the adjustable height thoracic panel 16 at a desired
height to better {it a particular wearer. As noted previously,
a central thoracic stabilizer 1s fixedly attached to the bowtie
portion to create a channel for accepting and for holding the
adjustable height thoracic panel in an ornentation that is
perpendicular to the bowtie. The structural design of the
present disclosure prevents, at the least, the twisting of the
brace along an arc 36 to restrict unwanted movement within
the frontal or coronal plane of the wearer. Due, 1n part to the
connectivity and construction of the present brace when
donned by a wearer, movement within the sagittal plane of
the wearer (equivalent to 1n and out of the plane of the page)
1s also restricted.

Referring to FIG. 3A, a view of a portion of the interior
face of one embodiment of the back brace of the present
disclosure 1s shown to highlight the plurality of layers. More
specifically, an innermost layer 62 (in reference to when the
brace 1s donned by a wearer) comprises phase change
materials (PCM) that absorb, store, and release heat for
optimal thermal comiort. In certain embodiments the PCM
1s encapsulated 1n a polymer shell and gives the brace the
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ability to continually regulate the wearer’s skin’s tempera-
ture to maximize comiort. The next layer (progressing from
the wearer out) 1s a foam layer 64, where the foam layer 1s
followed by a plastic layer 66. In one embodiment, the
plastic 1s ABS (acrylonitrile butadiene styrene) or other
thermoplastic with 1mpact resistance. In certain embodi-
ments, the foam layer 1s attached to the plastic player, e.g.
using adhesive. The mnermost layer 62 may be referred to
as an interior layer. The next layer 64 may be referred to as
a first intermediate layer. The plastic layer 66 may be
referred to as a second intermediate layer.

Referring to FIG. 3B, a view of a portion of the exterior
face of one embodiment of the back brace of the present
disclosure to show the plurality of layers 1s shown. More
specifically, still progressing from the wearer out, the next
layer 1s the upper portion of the back panel 68. In some
cases, this panel comprises a rigid, heat moldable plastic. In
some cases, the upper portion of the back panel 68 1s a cross
linked polyurethane foam pad applied to the back of the
plastic layer 66 (shown 1n FIG. 3A).

Still referring to FIG. 3B, the central thoracic stabilizer 70
1s formed to match the top portion of the upper portion of the
back panel 68 and to {it into the pocket formed by the outer
layer. In some embodiments, the central thoracic stabilizer
70 has one or more recesses 1n the central region. The central
thoracic stabilizer 70 1s fastened to the bowtie portion 76 to
form a channel through which the thoracic panel 72 can
slide. The thoracic panel 72 1s sandwiched between the inner
surface of the bowtie portion 74 and the central thoracic
stabilizer 70. In some embodiments, the inner surface of the
bowtie portion 74 comprises PCM and the outer surface of
the bowtie portion (facing away from the wearer) 1s made of
a synthetlc fabric (e.g., nylon). In some cases, the external
layer 78 1s comprised of the same material as the external
surface of the bowtie portion.

Referring to FIG. 4B, one embodiment of a bowtie
portion ol a back brace of the present disclosure 1s shown.
More specifically, one embodiment of the central thoracic
stabilizer 70 1s shown fixed to the bowtie portion 76. A stay
80, such as 1s shown in FIG. 4A, 1s used to provide
additional rigidity to the bowtie portion. In some cases the
stay comprises plastic. In some embodiments, the stay
extends a portion of the total length of the bowtie portion. In
some cases, a zig-zag stay 1s chosen because 1t allows for
multi-directional flexibility. The material 1s generally a form
ol plastic.

Still referring to FI1G. 4B, 1n certain embodiments, the stay
80 1s surrounded by a strap 82 and the strap 1s embedded into
the interior of the bowtie portion as defined as being within
the one or more exterior layers 84. The bowtie, once
assembled, 1s sewn or otherwise fixed to the central thoracic
stabilizer 70 along both sides of the central thoracic stabi-
lizer 70 to create a channel through which the thoracic panel
can slide up and down to provide for a variety of overall
cllective heights for the lumbar brace of the present disclo-
sure.

The thoracic lumbar sacral orthosis back brace of the
present disclosure 1s designed to be fitted to individual
wearers. In one embodiment, the back panel of the brace 1s
preset at 5° lordosis and can be adjusted further by a
proiessional using a heat gun. Once the back panel has been
adjusted to a wearer the overall length of the lumbar portion
1s adjusted by adjusting the belt lengths. In certain embodi-
ments, the belt lengths are adjusted via hook and loop
attachments and are based on the circumierence of the waist
of a wearer. In addition to adjusting the back panel and the
belt lengths, there 1s a need to adjust the shoulder harness
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height using the thoracic panel. The wearer 1s measured
from the base of the neck (e.g., C7) to the top of the sacrum
to determine the overall height of the thoracic lumbar sacral
orthosis back brace of the present disclosure. The connector
1s separated from the harness cord and the thoracic panel 1s
slid up or down within the channel formed by the bowtie and
the central thoracic stabilizer to a desired height. Once the
height 1s achieved, the connector 1s secured to the harness.
In some cases, the thoracic panel 1s secured to the harness
via a hook and loop closure.

Prior to the wearer donning the brace of the present
disclosure the brace 1s prepared. In some cases, the pull tabs
are set equidistant form the central lumbar portion. The
shoulder straps are loosened and then the brace 1s slid onto
the wearer’s shoulders like a back pack. The thoracic panel
1s centered on the wearer’s back and the wearer 1nserts their
hands into the finger loops and pulls the ends of the belts
ways from each other to ensure the lumbar portion 1s fully
lengthened. The wearer then wraps the belt around their
waist. To further tighten the lumbar portion, the pull tabs are
used for fine adjustment. In certain embodiments, an
optional sternum strap 1s used. This strap provides additional
comiort to the wearer by pulling the shoulder straps away
from the axilla.

Referring to FIG. 5, one embodiment of the thoracic
lumbar sacral orthosis back brace of the present disclosure
has a three point adjustment system. More specifically, the
shoulder straps are tightened via the first adjustment point
86. In certain embodiments, the first adjustment point can be
tightened and loosened by the wearer. The second adjust-
ment point 88 1s constructed via the adjustment straps as
they pass through the fixed loops on the end regions of the
bowtie portion. The third adjustment point 90 1s defined by
the connection point located on each belt portion of the
lumbar portion of the back brace. In certain embodiments,
the connection point can be tightened and loosened by the
wearer.

The design of the present thoracic lumbar sacral orthosis
back brace of the present disclosure prevents “hiking up” of
the lumbar portion of the brace when the brace 1s adjusted
via the three point adjustment mechanism. Trunk rotation 1s
reduced via the use of the bowtie portion. The bowtie portion
provides for fixed placement of the second adjustment point
near the midline of the wearer. The bowtie portion further
prevents twisting for the thoracic panel and twisting of the
bowtie portion 1tself via an internal stabilizer, e.g., a stay.

The present brace has a total of 7" vertical adjustment for
the extension of the upper thoracic support and 1s a modular
system with the ability to remove or replace multiple panels.
Additionally, the straps of the brace of the present disclosure
never attach directly to the back panel. The tlexible hori-
zontal “bowtie’” support and 1ts unique layered method offer
a unified system and create the leverage of the three-point
system. The brace of the present disclosure oflers a secure
back panel connected to the lower lumbar pulley system of
the brace. The torso “wings™ are secured through a hinge that
1s independent of the back panel and pulley system. When
the straps are pulled by the user the force travels through the
“bowtie” system down to the “wings™ and creates a unified
compressive force without “hiking up” the panel. Wherefore
it 1s an object of the present disclosure to overcome the
above-mentioned shortcomings and drawbacks associated
with conventional full back braces

While various embodiments of the present invention have
been described 1n detail, 1t 1s apparent that various modifi-
cations and alterations of those embodiments will occur to
and be readily apparent to those skilled in the art. However,
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it 1s to be expressly understood that such modifications and
alterations are within the scope and spirit of the present
invention, as set forth 1n the appended claims. Further, the
invention(s) described herein 1s capable of other embodi-
ments and of being practiced or of being carried out in
various other related ways. In addition, 1t 1s to be understood
that the phraseology and terminology used herein 1s for the
purpose ol description and should not be regarded as lim-
iting. The use of “including,” “comprising,” or “having,”
and variations thereol herein, 1s meant to encompass the
items listed thereafter and equivalents thereof as well as
additional 1tems while only the terms “consisting of” and
“consisting only of” are to be construed 1n a limitative sense.

The foregoing description of the embodiments of the
present disclosure has been presented for the purposes of
illustration and description. It 1s not intended to be exhaus-
tive or to limit the present disclosure to the precise form
disclosed. Many modifications and variations are possible 1n
light of this disclosure. It 1s intended that the scope of the
present disclosure be limited not by this detailed description,
but rather by the claims appended hereto.

A number of implementations have been described. Nev-
ertheless, 1t will be understood that various modifications
may be made without departing from the scope of the
disclosure. Although operations are depicted 1n the drawings
in a particular order, this should not be understood as
requiring that such operations be performed 1n the particular
order shown or in sequential order, or that all illustrated
operations be performed, to achieve desirable results.

While the principles of the disclosure have been described
herein, 1t 1s to be understood by those skilled 1n the art that
this description 1s made only by way of example and not as
a limitation as to the scope of the disclosure. Other embodi-
ments are contemplated within the scope of the present
disclosure 1n addition to the exemplary embodiments shown
and described herein. Modifications and substitutions by one
of ordinary skill in the art are considered to be within the
scope of the present disclosure.

What 1s claimed:

1. A thoracic lumbar sacral orthosis back brace, compris-

ng:

a lumbar portion, comprising:

a central portion; and
a pair of belts, adjustably connected to the central
portion;

a thoracic portion, comprising:

a central thoracic portion;

a thoracic panel; and

a pair of shoulder straps being connected at a first end
of the thoracic panel;

a bowtie portion of fixed length being fixedly attached to
a central thoracic stabilizer to form a channel for
slidably engaging with a second end of the thoracic
panel, further comprising a stay with a serpentine
configuration embedded within the bowtie portion that
extends at least a portion of a total horizontal length of
the bowtie portion that provides additional rigidity to
the bowtie portion; and

a pair ol adjustment straps forming a three point adjust-
ment system such that a first pair of adjustment points
1s located at free ends of the pair of shoulder straps, a
second pair of adjustment points 1s located at each of a
pair of fixed loops attached to respective end regions of
the bowtie portion, and a third pair of adjustment points
comprise a pair ol connection points each located on
one of the adjustable belts.
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2. The thoracic lumbar sacral orthosis back brace of claim
1, wherein the bowtie portion 1s oriented parallel to the
lumbar portion.

3. The thoracic lumbar sacral orthosis back brace of claim
1, wherein the bowtie portion has a length that 1s approxi-
mately equal to a width of the central portion.

4. The thoracic lumbar sacral orthosis back brace of claim
1, wherein a spacing of the second pair of attachment points
1s adjustable.

5. The thoracic lumbar sacral orthosis back brace of claim
1, wherein the first pair of adjustment points, the second pair
ol adjustment points, and the third pair of adjustment points
are disposed on an exterior surface of the thoracic lumbar
sacral orthosis back brace.

6. The thoracic lumbar sacral orthosis back brace of claim
1, wherein the first pair of adjustment points, the second pair
of adjustment points, and the third pair of adjustment points
are each adjustable with respect to the pair of adjustment
straps.

7. The thoracic lumbar sacral orthosis back brace of claim
1, further comprising a stabilizer embedded within the
thoracic panel.

10
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8. The thoracic lumbar sacral orthosis back brace of claim
7, wherein the stabilizer 1s comprised of a high density

polyethylene (HDPE) sheet or a laminated HDPE.

9. The thoracic lumbar sacral orthosis back brace of claim
7, further comprising a pair of arm strap stabilizers config-
ured to stabilize the pair of shoulder straps.

10. The thoracic lumbar sacral orthosis back brace of
claim 1, wherein the thoracic lumbar sacral orthosis back
brace 1s comprised of a plurality of layers, including an
inermost layer, a first intermediate layer, a second inter-
mediate layer, and an outer layer that comprises an upper
portion ol a back panel.

11. The thoracic lumbar sacral orthosis back brace of
claiam 10, wherein the innermost layer comprises a phase
change material (PCM), the first intermediate layer com-
prises a foam layer, the second intermediate layer comprises
a plastic material, and wherein the upper portion of the back
panel 1s a heat moldable plastic or cross-linked polyurethane
foam pad applied to the plastic material of the second
intermediate layer.
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